We have investigated the uniaxial and hydrostatic pressure effects on superconductivity in Fe 1.07 Te 0.88 S 0.12 through magnetic susceptibility measurements down to 1.8 K. The superconducting transition temperature T c is enhanced by out-of-plane pressure (uniaxial pressure along the c-axis); the onset temperature of the superconductivity reaches 11.8 K at 0.4 GPa. In contrast, T c is reduced by in-plane pressure (uniaxial pressure along the ab-plane) and hydrostatic pressure. Taking into account these results, it is inferred that the superconductivity of Fe 1+y Te 1−x S x is enhanced when the lattice constant c considerably decreases. This implies that the relationship between T c and the anion height for Fe 1+y Te 1−x S x is similar to that for most iron-based superconductors. We consider the reduction of T c by hydrostatic pressure to be due to the suppression of spin fluctuations because the system moves away from antiferromagnetic ordering, and the enhancement of T c by out-of-plane pressure to be due to the anion height effect on T c .
INTRODUCTION
Since the discovery of superconductivity in F-doped LaFeAsO at 26 K, several types of iron-based superconductors have been reported [1] . Among them, iron chalcogenides such as FeSe, Fe 1+y Te, and Fe 1+y Te 1−x Se x have attracted great attention owing to their simple crystal structures, which are solely composed of stacked superconducting (SC) FeX 4 (X: anion) layers [2] . Therefore, iron chalcogenides are suitable for elucidating the mechanism of the superconductivity in iron-based superconductors. Numerous experimental and theoretical studies have been carried out thus far.
Pressure experiments on superconductors are a useful technique for altering their electronic and magnetic properties via changes in lattice parameters. In iron-based superconductors, many studies on pressure effects have been reported, and it has been revealed that the antiferromagnetic (AFM), structural, and SC transition temperatures are rather sensitive to the application of pressure. In addition, it has been suggested that T c is correlated to the anion height h anion , which is the distance between the anion and the nearest iron layers [3, 4] . The relationship between T c and h anion for various ironbased superconductors was summarized in a T c -h anion plot by Mizuguchi et al. [3] . They pointed out that the relationship follows a nearly symmetric curve with a peak around h anion = 1.38 Å, which is the optimum value for inducing high-T c superconductivity. Another feature is that large pressure effects are observed in FeSe, whose T c greatly increases from 8 to 37 K under a pressure of 6 GPa, [2, [5] [6] [7] [8] . and the high-T c state is attributable to the vanishing of the AFM order and the enhancement of the Hall resistance related to interband spin fluctuations [8, 9] .
In contrast, Fe 1+y Te, which is also a 11-system similar to FeSe, does not show superconductivity but undergoes AFM and structural phase transitions around 70 K. These phase transitions are suppressed by the substitution of S for Te in Fe 1+y Te (Fe 1+y Te 1−x S x ) or by the application of hydrostatic pressure [10] [11] [12] [13] [14] [15] [16] . In addition, superconductivity can be induced in Fe 1+y Te 1−x S x with a critical temperature of ∼ 8 K by several kinds of post-treatments such as exposing to air [17] , annealing in oxygen gas [18] [19] [20] [21] , and soaking in an organic acid [22, 23] . It has been interpreted that such post-treatments eliminate excess iron atoms that may suppress the superconductivity in Fe 1+y Te 1−x S x [23] . Hydrostatic pressure effects on superconductivity in post-treated Fe 1+y Te 1−x S x have already been investigated; T c systematically decreases with increasing pressure, in contrast to FeSe [3] . Since h anion for Fe 1+y Te 0.9 S 0.1 is estimated to be 1.66 Å, [24] which is considerably above the optimal value of 1.38 Å, the application of the T c -h anion relationship mentioned above to the Fe 1+y Te 1−x S x system contradicts existing data obtained from hydrostatic pressure experiments [3] . The reason for this has been an open question and we speculate that the hydrostatic pressure moves the ground state away from the AFM order and reduces AFM spin fluctuations. In order to investigate whether the T c -h anion relationship is applicable to Fe 1+y Te 1−x S x , a uniaxial pressure experiment is a most suitable technique. Uniaxial pressure is expected to reduce the c-axis more efficiently than hydrostatic pressure. In this study, we applied hydrostatic and uniaxial pressures parallel to the c-axis and ab-plane in O 2 -annealed Fe 1+y Te 1−x S x and measured the DC susceptibility using a zero-field-cooling (ZFC) procedure. . For sample characterization, powder X-ray diffraction patterns of the grown samples were obtained by a Rigaku Ultima IV diffractometer. From the results, we confirmed that the samples were of single phase without any apparent component peak from impurities such as an FeTe 2 . The actual composition of the crystal was determined to be Fe 1.07 Te 0.88 S 0.12 using an electron probe microanalyzer (EPMA; JEOL JXA-8100). Samples used for pressure measurements were shaped by wire electrical discharge machining as tabulated in Table I . To induce superconductivity, these samples were annealed in atmospheric O 2 gas at 200
• C for 100 h. Then, the crystallographic orientation was determined by the Laue method with OrientExpress simulation software. Electrical resistivity measurements were performed using a four-terminal method from room temperature to 4.2 K. The specific heat was measured by a thermal relaxation method (Quantum Design, PPMS). Magnetic susceptibility measurements under ambient, hydrostatic, and uniaxial pressures were performed down to 1.8 K using a superconducting quantum interference device (SQUID) magnetometer (Quantum Design, MPMS). A magnetic field (H) of 20 Oe was applied parallel to the c-axis in the ZFC sequence.
Hydrostatic and uniaxial pressures were applied using clamped piston-cylinder-type pressure cells. In this study, three types of pressure cells were used to apply hydrostatic pressure (denoted as "cell 1") and uniaxial pressure along the out-of-plane (denoted as "cell 2") and in-plane (denoted as "cell 3") directions. In these cells, samples were placed such that the c-axis was along the cylinder, and hence the magnetic field was parallel to the c-axis. For cell 1 the cylinder was made of BeCu and the pistons were made of ZrO 2 . Daphne 7373 oil was used as the pressure-transmitting medium. The actual pressure was estimated from the SC transition temperature of a Pb manometer. Cell 2 and cell 3 were made of BeCu [ Fig. 1(b),(c) ]. In cell 2 [ Fig. 1(c) left] , the sample was directly pressed along the c-axis by the pistons. On the other hand, in cell 3 [ Fig. 1(c) right] the sample was kept in contact with the pair of auxiliary parts [as illustrated in Fig. 1(c) right] and pressed horizontally when forces were vertically applied on the V-shaped pistons. Consequently, a uniaxial pressure along the ab-plane was realized under H c within the narrow sample space of the MPMS. The side surfaces of the sample used for uniaxial pressure measurements were covered with epoxy resin (Stycast 1266) to prevent the collapse of the sample.
EXPERIMENTAL RESULTS

FIG. 2. (Color online)
Temperature dependence of electrical resistivity and electronic specific heat divided by temperature C e /T in Fe 1.07 Te 0.88 S 0.12 at ambient pressure. Figure 2 shows the temperature dependence of the resistivity and specific heat of O 2 -annealed Fe 1.07 Te 0.88 S 0.12 at ambient pressure. We observed a clear drop in the resistivity and a discontinuity in the specific heat, which are attributable to an SC transition. The resistivity starts dropping at a temperature above 9 K and reaches zero at 8.2 K. The electronic specific heat divided by the temperature was obtained by subtracting the lattice contribution (C ph ∝ T 3 ), and is plotted on the right axis in Fig. 2 . A jump associated with the SC transition was observed at T peak c = 8 K. Then the SC volume fraction was roughly estimated to be 16% by assuming the BCS theory and using the values of ∆C e /T peak c and the electronic specific heat coefficient γ, where ∆C e /T c = 1.43γ for the BCS theory. The small SC volume fraction of 16% is due to the O 2 -annealing effect penetrating the sample over a depth of 10 µm orders [25] . 
DISCUSSION
According to hydrostatic pressure studies on FeSe [8] , T c reaches 37 K at 6 GPa with the coincidental vanishing of AFM order, and then T c is gradually reduced at higher pres- sure than 6 GPa. A recent study reported that the suppression of T c is concomitant with the reduction of the AFM fluctuations [9] . In the case of Fe 1+y Te 1−x S x , sulfur substitution with the composition of x = 0.06 − 0.12 suppresses the AFM order and structural transition [20] , and the application of hydrostatic pressure decreases T c . Thus, the T -P phase diagram of Fe 1.07 Te 0.88 S 0.12 is simpler than that of FeSe and they are very different. The suppression of T c in Fe 1.07 Te 0.88 S 0.12 by the application of hydrostatic pressure is likely to originate from the reduction of AFM fluctuations by moving away from the AFM phase, which is similar to the case of FeSe under hydrostatic pressure (> 6 GPa). In contrast, the application of uniaxial pressure along the c-axis increases T c in Fe 1.07 Te 0.88 S 0.12 . Straightforwardly, the uniaxial pressure along the c-axis reduces h anion more efficiently than hydrostatic pressure, and the enhancement of T c is considered to be due to h anion approaching the optimum value. The applicability of the h anion -T c relationship to Fe 1+y Te 1−x S x is supported by the anisotropic pressure effects on T c . From these results, it is expected that the effect of moving away from the AFM phase competes with the effect of changing h anion toward the optimum value in the hydrostatic pressure case. However, in order to determine whether this expectation is correct or not, it is necessary to measure the spin fluctuations under uniaxial and hydrostatic pressures by magnetic and dynamic probes, such as the relaxation time of nuclear magnetic resonance.
CONCLUSIONS
We have investigated the pressure effects on superconductivity in Fe 1.07 Te 0.88 S 0.12 by susceptibility measurements under hydrostatic pressure and uniaxial pressure along the [001], [100], and [110] directions. We observed the enhancement of T c by uniaxial pressure along the c-axis, which probably shrinks h anion . In contrast, T c is reduced by uniaxial pressure along the ab-plane. Although it has been considered that the relation between h anion and T c is not applicable to Fe 1+y Te 1−x S x [3] , our results suggest that c-axis uniaxial pressure greatly reduces the anion height and increases T c while obeying the h anion -T c relationship. From the hydrostatic and c-axis uniaxial pressure studies, h anion might be independent of AFM spin fluctuations, but it is necessary to obtain magnetic information by magnetic and dynamical probes. Finally, we consider Fe 1.07 Te 0.88 S 0.12 as a suitable research field on the h anion -T c relationship because of the simple T -P phase diagram.
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